In the genus Chamaesipho, four species have been described: C. brunnea Moore, C. columna (Spengler), C. scutelliformis Darwin, and C. tasmanica Foster and Anderson. Chamaesipho scutelliformis was first described by Darwin from specimens found on Capitulum mitella ''probably from the seas of China'' (Darwin, 1854) . In 1980, Foster proposed Chinochthamalus for C. scutelliformis (Darwin) to distinguish it from the Australasian species of Chamaesipho, because this species lacks early ontogenetic evidence for rostrolateral plates (Foster, 1980) . To date, only one species of the genus Chinochthamalus has been recorded (Foster, 1980) . Chinochthamalus scutelliformis is a small barnacle, 3-5 mm across, exhibiting four shelly tubular columns, two in the carina and one in each lateral plate of the shell. The species has been recorded on the coast of northern areas of the South China Sea (Ren, 1984) , and inhabits gregariously at rocky reefs in crevices and under-boulders on the middle part of shores.
The larval morphology of Chinochthamalus scutelliformis has not been described, and larval morphology can provide important morphological features for taxonomic studies and phylogenetic hypotheses. The present paper provides the first description of the larval development of C. scutelliformis in the laboratory. Morphological differences between the nauplii and cyprid of this species and those of other chthamalids are compared.
MATERIALS AND METHODS
Adult Chinochthamalus scutelliformis were collected April-May 2001 at mid shore at Cape d'Aguilar, on the southeast coast of Hong Kong island. Egg masses containing embryos with eyes were removed from mantle cavities and transferred to filtered sea water containing 50 lg/mL streptomycin sulfate (to inhibit Gram-negative bacteria) and 10 lg/mL penicillin (to inhibit Gram-positive bacteria) (Landau and d'Agostino, 1977) . Hatched larvae were cultured in 1-L autoclaved glass vessels maintained in culture cabinets under 14 h light : 10 h dark photoperiod and temperatures of 21 6 28C or 28 6 28C. These two temperatures covered the range of Hong Kong seawater temperatures during the reproductive season. Autoclaved sea water (30&) containing antibiotics was changed every three days, and larvae were fed with the flagellate Isochrysis galbana at 1310 5 -5310 5 cells/mL concentration. During the larval development, 20 larvae at each stage (stage I to cyprids) were collected and preserved in 30% ethanol to monitor their morphological characters (Miller, 1994) . Preserved exuviae and larvae were dissected with fine needles and observed under a light microscope. Drawings were made using a camera lucida attachment, and measurements were made with a calibrated ocular micrometer. The total length of the nauplius was measured from the frontal margin of the cephalic shield to the tip of the caudal spine or hind body, whichever was longer. The shield width of the nauplius was measured at its widest point, and shield length was measured from the anterior margin of the shield to the posterior border. The width (depth) of the cypris larva was measured as the maximum distance between the dorsal and ventral margins of the carapace at the deepest point, and cypris length was from the anterior to the posterior carapace margins. The morphology of the antennules, antennae, and mandibles was described using the setation formulae of Newman (1965) and setal terminology based on Lang (1979) and Branscomb and Vedder (1982) .
The structure and surface sculpturing of the carapace, labrum, and frontal horns were investigated using a scanning electron microscopy (SEM, Leica Stereoscan 440). Larvae were fixed in 2.5% glutaraldehyde (made up in sea water) for 1 h, rinsed in distilled water for 1 min, then dried progressively in graded ethanols (30%, 50%, 75%, 95%, and 100%), critical-point dried and coated in gold-palladium before observation using the SEM.
RESULTS
Larval development of Chinochthamalus scutelliformis consists of six naupliar stages and a nonfeeding cyprid stage following the ground pattern of development in cirripeds. Larval development from stage I to cyprid took 20 days at 21 6 28C and 13 days at 28 6 28C ( Table 1) .
Nauplii of Chinochthamalus scutelliformis have a convex, globular cephalic shield with a posterior spine at stages II and III, and without posterior spines from stages IV to VI. The frontolateral horns are directed ventrally, and the unilobed labrum bears numerous teeth. The caudal processes are considerably shorter than the cephalic shield itself. In addition to common simple (S) and plumose (P) setae, the mandibles bear cuspidate (C) setae, and the antennae possess one hispid (H) and several feathered (F) setae (Table 2) . Naupliar length increased from 241 6 6 lm at stage I to 464 6 13 lm at stage VI (Table 3) , while cyprid length ranged 390-420 lm (Table 3) .
Nauplius I This larval stage has a mean length of 241 6 6 lm. The pear-shaped cephalic shield has a pair of anterior frontolateral horns folded back parallel with the long axis of the body and a dorsal shield spine. The dorsal shield spine and hind body are blunt and similar in length (Figs. 1, 2). No frontal filaments were observed under SEM. The labrum is smooth and has no teeth (Fig. 3 ). All setae are simple (Figs. 4-6 ).
Nauplius II
The cephalic shield has become extended in length (282 lm) and convex in shape. The anterior shield margin is smooth, but the posterolateral shield margin is spinulated with 5-9 fine spines. Two pairs of setae were observed on the anterior dorsal side of the cephalic shield. Those setae continued to be present in all the subsequent stages (Fig. 7f) . The frontolateral horns are bent slightly in an anterior direction when compared to stage I and have ;20 pores, but proximally and, more particularly, dorsolaterally there are many small protruding spines (Fig. 7a) ; two short dorsal spines are present that are not fused with the rim of the open distal end of the horn (Fig. 7a) . The labrum bears 6-9 teeth plus slender hairs (Figs. 3, 7b, c) . A pair of frontal filaments was observed on the anterior side; they continued to be present in all the subsequent stages (Fig. 7b) . The dorsal shield spine has small teeth and is longer than the hind body, which has a pair of large serrated spines and furcal spines (Figs. 1, 2) . One distal tooth is present on the inner prong of the antennal gnathobase of the third group of endopodites of this stage. The tooth continued to be present in all the subsequent stages (Fig. 7e) .
Nauplius III
The dorsal shield spine is barbed and consistently longer than the hind body (Fig. 1) . The frontolateral horns have become thickened and shorter in length. The ventral perforations have been lost, and the structural arrangement at the distal end has altered. Two teeth on each posterolateral margin of the labrum (Figs. 3, 7d ) and a preaxial seta present on the antennules are diagnostic features of stage III nauplii (Fig. 4) .
Nauplius IV
This stage has the dorsal shield spine separated from the cephalic shield as the caudal spine (Figs. 1, 2) . The caudal spine is still longer than the hind body, which has a second pair of large spines close to the base of the furca. The second pair of large spines has emerged close to the base of the furca, and the caudal spine is still longer than the hind body (Figs. 1, 2 ). An additional pair of lateral teeth occurs on the labrum (Fig. 3) , which, together with the presence of two preaxial setae on the antennules, are diagnostic features of this nauplius stage (Fig. 4) .
Nauplius V
The cephalic shield has increased in size (Table 3) , but the general shape remains similar through to nauplii VI (Fig. 1) . The dorsal spine remains barbed, but is now shorter than the hind body where a third pair of spines has appeared (Figs. 1, 2 ). The number of teeth on the labrum of this stage is the same as for stage IV, and also subsequently at stage VI (Fig. 3) , except that the number of spines on the surface of the labrum varies. The presence of three preaxial and five postaxial setae on the antennules is a diagnostic feature of this nauplius stage (Fig. 4) .
Nauplius VI
The body shape of this stage is similar to that of stage V except in size. In the later development of this stage, a pair of compound eyes become clearly visible on either side of the median nauplius eye. The mean larval length at this stage is 464 6 13 lm. The nauplius VI stage is easily distinguished from other stages by the six pairs of thoracic spines occurring on the hind body and the primordia of the cypris thoracic appendages beneath the exoskeleton of the thoracic spines (Fig. 1) .
Cyprid
The bivalve carapace of the cyprid is 408 6 9 lm mean total length and 190 6 5 lm mean height. The general morphology of the cyprid is shown in Fig. 8a . Under the SEM, the carapace has a relatively smooth outer surface, with small funnel-shaped pits and setae within the sunken areas (Figs. 8a and c) . A pair of frontal-horn pores is located on the ventral surface of the anterior part of the carapace close to ventral margin of the valve (Fig. 8a, b) . The antennule ends in a cup-shaped third segment consisting of an almost circular attachment disc, a raised rim (velum or skirt), and sense organs (Fig. 8d) . Five pairs, two anterior (Fig. 8e ) and three posterior (Fig. 8f) , of lattice organs are also observed.
DISCUSSION

Larval Development
Observations showed that Chinochthamalus scutelliformis requires at least 20 days to reach the cypris stage under laboratory culture at 218C. The time for larval development of C. scutelliformis is similar to that of Chthamalus malayensis reared under the same conditions (Yan and Chan, 2001 ). This duration of larval development is usual among warm-water species reared at 228C (Kado and Hirano, 1994) . As for many other barnacle larvae (e.g., Barnes and Barnes, 1965; Miller et al., 1989) , increased mean temperatures led to reduction in development time of C. scutelliformis. In the culture of C. scutelliformis larvae at 288C, cyprids appeared within only 13 days.
Larval Morphology The larval morphology of Chinochthamalus scutelliformis shares some features with those of the nauplii of a tropical barnacle, Chthamalus malayensis (see Yan and Chan, 2001) . Both species have similar development times, the nauplii have a broad cephalic shield, a unilobed labrum embellished with simple setae, and a similar arrangement of the abdominal spine and larvae setation. The frontolateral horns at stage II, setae on the dorsum of the cephalic shield, antennal coxal gnathobase at stages II-VI, and carapace of cyprids in the two species, however, are different when observed under SEM. In Chinochthamalus scutelliformis, two short dorsal spines are present at the frontal horn of stage II nauplii, whilst Chthamalus malayensis has one short dorsal stylet, which is not fused with the rim of the open distal end of the horn. Small spines are also present at the fronthornal surface of C. scutelliformis, whilst the fronthornal surface is smooth in C. malayensis. Two pairs of setae on the dorsum of the cephalic shield were observed from stages II to VI of Chinochthamalus scutelliformis, but Chthamalus malayensis has only a pair of setae (Yan and Chan, 2001) . Those setae appear to be sensory, but their function is still unknown (Walker, personal communication) .
Little attention has been paid to the morphological variability of the antennal, coxal gnathobase in nauplii of chthamaloid barnacle. The gnathobases of two species, Octomeris sulcata and C. challengeri, were reported to be very similar to each other, both with two distal teeth on the inner prong of the antennal gnathobase (Kado and Hirano, 1994) ; Chthamalus malayensis was reported to have three distal teeth (Yan and Chan, 2001) . The SEM images of the antennal gnathobases of Chinochthamalus scutelliformis revealed only one tooth on the inner prong of the antennal ganathobase, suggesting the antennal gnathobase may be a useful feature to separate larvae of chthamaloid barnacles.
The relatively smooth cyprid carapace of Chinochthamalus scutelliformis is different from that of Chthamalus malayensis with its honeycombed surface. Although the 2 þ 3 pairing pattern of lattice organs was confirmed on the outer surface of the cyprid in both species, which also have similar arrangements of lattice organs, the morphology of the lattice organs was different between the two species. Chinochthamalus scutelliformis has a long and narrow pore-field surrounded by a fringe of extremely smooth cuticle, whilst Chthamalus malayensis has a setae-like keel situated in a deep depression (Yan and Chan, 2001) .
The teeth arrangement of the labrum in Chthamalidae is a diagnostic character in the separation of the larval stages of a given species and also the larvae of different species. In Chinochthamalus scutelliformis, the teeth of the labrum are very useful in distinguishing stage II, III, and IV larvae. The unilobed labrum has 6-9 teeth at stage II, one pair of teeth at the corners of the free distal end at stage III, and two pairs of teeth during stages IV-VI. A similar pattern has also been observed in Chthamalus species, e.g., C. dalli, C. fissus, C. malayensis, C. montagui, and C. stellatus (Korn and Ovsyannikova, 1979; Miller et al., 1989; Burrows et al., 1999; Yan and Chan, 2001) . The teeth of the labrum of some C. scutelliformis stages, however, are different from those of other Chamaesipho species, which have two teeth on the labrum from stages II to VI. The presence of only two teeth on the labrum is considered to be a characteristic feature of other Chamaesipho nauplii (Foster, 1967 , quoted from Korn, 1995 . In the present study, the morphology of C. scutelliformis naupliar larvae supports Foster's suggestion to move this species from the genus Chamaesipho to the genus Chinochthamalus. Korn (1995) further divided all chthamaloid barnacles into two groups based on their larval morphology, namely: (1) Catomerus, Octomeris, and Chamaesipho; and (2) Euraphia and Chthamalus. Descriptions of C. scutelliformis larvae suggest that this species belongs to the second group, Euraphia and Chthamalus.
The observation of larval morphology in Chinochthamalus scutelliformis, especially when using SEM, suggests that the surface of the cephalic shield, frontolateral horn, the shape and teeth of the labrum, setation of appendages, and outer surface of the cyprid carapace are important features to separate the nauplii and cyprids of Chinochthamalus scutelliformis from other barnacle species. The results of the observation also provide data on this species for future comparative studies of barnacle larval morphology and for phylogenetic implications of larval differences in Cirripedia.
